This study assessed the occurrence of endotoxins, cyanobacteria and enterobacteria in untreated drinking water stored in domestic water containers by rural households in South Africa.
INTRODUCTION
Bacterial endotoxins are generally not a problem in a properly treated and reticulated drinking water supply (Jakubowski & Ericksen 1980; Wichmann et al. 2004 ), but they might be a problem in many developing areas of the world where households rely on remote and often untreated sources for their daily water supply. People use many different types of container to collect and store water in their homes. Endotoxins might be present in these container waters in sufficient concentrations to cause health effects.
Water stored in household water containers has been reported to adversely affect the health-related microbial quality of water, especially those waters that have been sourced from a good quality supply at communal taps (Momba & Kaleni 2002; Jagals et al. 2003) . The potential health effect associated with the microbiological quality of the water in these containers, especially if intended for drinking, is often based on numbers of indicator bacteria such as Escherichia coli detected in the water. If no E. coli is found, the water is, at least from a health-related microbial quality perspective, deemed safe for drinking.
However, these bacteria and their associated pathogens produce toxins and it can be assumed that the toxins might still be available in container water after the indicator bacteria have become undetectable and presumably died off (Jorgensen et al. 1979; Jagals et al. 2006) . The question is whether the concentration of residual toxins in household container water could potentially affect the health of those who drink the water without further treatment. doi: 10.2166/wh.2010.094 Among microbial toxins that may occur in water intended for drinking are lipopolysaccharide endotoxins produced by cyanobacteria and Gram-negative bacteria such as coliforms (Rapala et al. 2002) . Lipopolysaccharides are essential for bacterial growth and occur in important areas of the bacterial structure such as the cell walls (Wiese et al. 1999) . Bacteria lyse during and after die off, releasing cell-wall particles in the original medium (i.e. water) where they can remain for a long time (Jorgensen et al. 1979) .
These particles can partly consist of endotoxins that may cause excessive immunological responses in human cells in laboratory circumstances (Wichmann et al. 2004) .
Although this implies the possibility that the presence of endotoxins can adversely affect the health of individuals, reports differ on the actual potential for enterobacterial and cyanobacterial endotoxins to affect immunologically competent populations. Endotoxins produced by enterobacteria (including the coliforms) can be quite potent and may have a greater potential for harmful effect on human health (Hunter 1998; Stewart et al. 2006) . The health end-points of enterobacterial endotoxins range from acute reactions such as diarrhoea (Closs et al. 1998; Madigan et al. 2000) to more chronic effects from extended exposure such as intravascular coagulation (Braude 1982; Anderson et al. 2002) . Jakubowski & Ericksen (1980) reported on the health significance of bacterial endotoxins (1-10 ng ml 21 ) in bulk drinking water supply and concluded that exposure to such water would not affect normal healthy individuals unless it is administered through intravenous injection. Endotoxins produced by cyanobacteria genera such as Schizothrix, Microcystis and Anabaena have been reported to be responsible for outbreaks of diarrhoea in areas where people ingested treated and untreated surface waters (Hindmann et al. 1975; Lippy & Erb 1976; Keleti et al. 1979; Hunter 1997) .
Oral intake of surface waters could expose consumers to very high concentrations of endotoxins (Rapala et al. 2002; Wichmann et al. 2004) . 
METHODS

Study area
Water samples were collected from source points and households in two village groups (collectively renamed Village 1 and Village 2) of low socio-economic status in the Vhembe district of the Limpopo province, South Africa. The members of these villages collected water for their domestic use (including drinking) in a variety of light and dark plastic containers from two different types of water source and stored these in their houses for up to 4 days.
Water sources
In Village 1 water was collected from taps on a distribution system supplied from an untreated groundwater source.
For Village 2, river water was the main water source for domestic needs including drinking water. To include the influence of seasonal variation on bacterial occurrence as well as endotoxins concentration, samples were collected from the two water sources on two separate occasions in summer and two other occasions in winter.
Container water samples
Households in the study villages mostly use a mix of dark ) and converted into mg l 21 , according to Cooper
Biofilm measurement
Turbidity, expressed in nephelometric turbidity units (NTU), was used as a measure of the biofilm particle quantities dislodged from the inner side-walls of the containers. A Nephla turbidity meter (GmbH-Berlin, Germany) was used to measure the NTU.
Health considerations
After an intensive search of the literature, the only guideline value for health-related endotoxins concentrations in drinking water that could be found was that proposed by 
RESULTS AND DISCUSSION
Source water quality
Levels of endotoxins and their related bacteria in the water sources
Endotoxins were detected only in river water and at widely varying concentrations. The level of endotoxins was higher in summer than in winter but did not always reflect the numbers of the microorganisms (Table 1 ).
The endotoxins producers targeted for this study, namely the cyanobacteria (Microcystis, Anabaena, Oscillatoria and Pseudo-anabaena) and enteric bacteria (E. coli and total coliforms), were identified in river water in summer and winter. The absence of cyanobacteria from samples taken during the second sampling occasion in summer was probably because of excessive rain just before and during sampling. A river in flood can carry reduced numbers of cyanobacteria. As expected, the target bacteria could not be detected in groundwater during all of the sampling periods.
Container water quality
Endotoxins in drinking water from household storage containers
Endotoxins were detected in all water samples from the household containers, and the concentrations varied within the range 0.1-24.7 mg l
21
. Figure 1 shows that the median value of endotoxins in all sample types exceeded the NZMH (2000) guideline value (3 mg l 21 ) at the 90th
percentile. This suggests that the health-related quality of the water in containers made it unsuitable for drinking.
Further analyses using the rank-sum and signed-rank statistical tests showed that the levels of endotoxins in the These results show that the light-influencing properties of the container type play a significant role in the levels of endotoxins in these containers. It also suggests that the significantly higher concentration of endotoxins in DB samples (compared with FV) was because of higher levels of 
GENERAL DISCUSSION
The differences in the numbers of microorganisms in water sources were not sufficiently significant to be attributed to the variation of season. As the studied area is subtropical but also semi-arid, with some parts on the lee side of a mountain range, the temperatures were quite similar during both seasons and were always sufficiently high to promote the growth of cyanobacteria and total coliforms. In terms of source water, endotoxins and the bacteria groups were detected only in river water (Table 1) and not in the groundwater. At the 50th percentile, endotoxins concentrations in the surface water sources exceeded the proposed maximum acceptable limit of 3 mg l 21 (NZMH 2000) in summer but not in winter which, in terms of the sources, suggested that seasons may have played a role. However, the sample size (four samples) was not sufficient for this to be meaningful.
Groundwater was significantly less contaminated.
It was therefore expected that we would find significantly more of the target contaminants in the containers of households from the village using surface water more often. This could not be statistically demonstrated as will be discussed below.
The health-related quality of water in the drinking water containers was poor. More than 60% of the containers'
water sample types analysed in this study showed unac- (Rapala et al. 2002) . While the low numbers of E. coli were unlikely to markedly influence the concentration of endotoxins, the collective total coliform group appeared to have had some demonstrable association with the higher concentration of endotoxins, which suggested that this bacteria group might contribute more to LAL-measurable endotoxins than E. coli by itself.
Assuming therefore that cyanobacteria and especially total coliforms are potent sources of endotoxins release into the container waters, the weak correlation between the bacteria numbers and the endotoxins levels in the test waters could be ascribed to the ability of the LAL chromogenic assay to also detect endotoxins from non-viable and/or dead bacteria (Jorgensen et al. 1979) , which would be the reason for the disproportion between the endotoxins levels and viable bacteria numbers. especially those with very low CD4 counts (Veazey et al. 1998; Brenchley et al. 2004 Brenchley et al. , 2006 Shankar et al. 2007 ).
Significantly high levels of plasma LPS were found by 
